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(57) A fluid system has been discovered using a dis- 
tribution of graded calcium carbonate particle sizes, a bi- 
opolymer and a polymerized starch. The biopolymer is 
a non-ionic polysaccharide of the scleroglucan type. It is 
important that the calcium carbonate particles be distrib- 
uted across a wide size range to effectively prevent fil- 
tration or fluid loss into theformation. Since the filter cake 
particles do not invade the well bore due to the action of 
the biopolymer and starch, no high pressure spike oc- 
curs during the removal of the filter cake. This high pres- 



sure spike indicates damage to the formation and well 
bore surface, which damage typically reduces overall 
permeability of the formation. The rheological properties 
of the fluid allow it to be used in a number of applications 
where protection of the original permeable formation is 
desirable. The applications include, but are not limited 
to, drilling fracturing and controlling fluid losses during 
completion operations, such as gravel packing or well 
bore workovers. 
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Description 



Field of the Invention 

5 The invention relates to fluid or mud systems for use in controlling fluid losses during hydrocarbon recovery proc- 

esses, such as drilling, fracturing, gravel packing and well bore workovers, and more particularly relates to such fluids, 
in one aspect, which form a durable, thin filter cake, but which is easy to remove and results in little damage to the 
permeability of the formation. 



10 Background of the Invention 

Horizontal wells drilled and completed in unconsolidated sand reservoirs have become feasible recently, due to new 
technology and completion methods. Wells of this type require sand control, for example such as long open hole gravel 
packs or the installation of mechanical sand exclusion devices (slotted liners, prepacked screens, etc.). Successful wells 

15 have been completed with horizontal, producing intervals as long as 1 800 ft. (550 m) using these methods of sand control. 

Usually the wells are drilled with conventional drilling muds to the top of the pay zone and casing is set. The cement 
is then drilled out to the casing shoe and the shoe is tested. The drilling mud is then displaced with a "low damage 
potential drilling fluid" generally consisting of polymers, viscosity enhancers and soluble particles for building a filter 
cake. The particles are usually graded salt (NaCI) or graded calcium carbonate (CaC0 3 ), though the distribution of the 

20 size of the particles within a particular graded product has never been a concern. These compounds are used because 
they are soluble in undersaturated brines or hydrochloric acids. One problem with prior art filter cakes is that they are 
often difficult to remove, requiring high pressures to do so. Under such conditions, damage results to the formation. 
Such damage is believed to occur because the filter cake invades the formation and becomes "cemented" thereto and 
must be forcibly removed at high pressure; the forceful removal is thought to cause damage to the permeability of the 

25 formation. 

After the open hole interval has been drilled to total depth, the gravel pack screen or sand exclusion device is placed 
in the open hole interval. To do this it becomes necessary to circulate the drilling fluid from the open hole so that the 
well can be gravel packed or the sand exclusion setting can be tested. Displacement of the drilling fluid with a solid-free 
completion brine, usually viscosified with a water soluble polymer, e.g. hydroxyethylcellulose (HEC) or xanthum gum 

30 derivative, is necessary. Concern about the physical erosion of the filter cake with the completion fluid is also always 
an issue. That is, the filter cake should be durable and stable enough to permit the completion or other operation to take 
place and protect the well bore during the entire operation. 

The ideal drilling mud or drill-in fluid would mechanically seal all pore openings exposed to the well bore, stay intact 
during completion operations, then be easily removed by production of oil or gas. Problems arise in designing these 

35 fluids or muds because production zones vary in pressure, permeability, porosity and formation configuration. Generally, 
fluids used to control fluid leak-off in permeable formations require an initial high pressure spike before removal can 
begin, from about 300 to 500 psi. This pressure spike is indicative of damage to the original permeability of the permeable 
formation. It would be desirable if fluids could be devised which would easily form an impermeable filter cake to prevent 
the loss of expensive completion fluids to the formations and which effectively protects the original permeable formation 

40 during various completion operations such as gravel packing or well bore workovers. At the same time, however, it is 
also highly desirable for the filter cake to be easily removable at the beginning of production causing little or no damage 
to the formation. 



Summary of the Invention 

45 

Accordingly, it is an object of the present invention to provide a fluid system which forms a very durable, thin filter 
cake on the permeable formation and prevents fluid losses thereto. 

It is another object of the present invention to provide a fluid system which forms a filter cake that can be easily 
removed with little or no damage to the formation. 
50 it is yet another object of the invention to provide a fluid system for controlling fluid loss which has application during 

drilling, completion and stimulation of permeable reservoirs, during a variety of such operations such as gravel packing 
or well bore workovers. 

In carrying out these and other objects of the invention, there is provided, in one form, a fluid system for controlling 
fluid losses during hydrocarbon recovery operations, having water, a distribution of graded calcium carbonate particle 
55 sizes, a biopolymer which is a non-ionic polysaccharide of the scleroglucan type and a polymerized starch. 
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Detailed Description of the Invention 

A fluid system has been discovered using a graded calcium carbonate, a non-ionic polysaccharide of the sclero- 
alucan type a polymerized starch and water, which has unique properties for controlling fluid losses ,nto permeable 
Sions The mechanism is apparent* due to the fluid's unique filter cake properties. The fluid forms a very durable. 
hSe that acts like a check valve on the permeable formation. Surprisingly, the fluid of th.s .nvenLon exh.b.ts rttle 
o no remo^l pressure spike, even when placed at high deferential pressure. Testing has **^J£"»2£ 
the inventive fluid is easy to remove andyields very low or minimal damage to the original permeability of ^ permeable 
Lation The theological properties of this fluid allow it to be used in a number of applicat IO ns where protect™ of the 
orS permeable formation is desirable. For example, the applicattons include drilling, tractunng, and controlhng fluid 
losses during completion operations such as gravel packing or well bore workovers. , 0 x™ ^ 

The fluid systems of this invention require three main components: (1 ) a graded calcum carbonate, (2) a non-ionic 
polysaccharide biopolymer; and (3) a polymerized starch, in addition to water. Because fluids of different charactenst.cs 
such as different densities, etc. will have different requirements, it is difficult to specify with prec.s.on proportions of the 

components for all drilling fluids. . 

In one broad embodiment of the invention, the proportions of the various components range from about 70 to 90 
wt % water from about 10-30 wt.% graded calcium carbonate particles, about 0.25 to 1 wt.% of the biopolymer and 
about 1 to 3 wt % of the potymerized starch. Most preferably, the proportions of the fluid components range from about 
82 to 65 wt % water- about 1 3 to 1 4 wt.% blend of graded calcium carbonate particle sizes; about 0.4 to 0^5 wt /<, of the 
biopolymer and about 1 .5 to 2.0 wt.% of the polymerized starch. The proportion ranges given above are based upon a 
fluid wtth about 4% KCI gwen a final fluid densrty of about 9.2 lb/gal. Other proportions would be suitabte for bnnes of 
different densities, for example, a higher density brine of 14.5 lb/gal calcium chloride-calcium bromide. Othenngredients 
may also be present in the drilling fluid system as long as they do not adversely affect the performance o the system 

It is important that the calcium carbonate (CaC0 3 ) particles be graded so that their s.ze distribution will be relatively 
broad or wbe and result in a thin filter cake of extremely low permeability, and so that minimal invas ton of particles and 
filtrate will occur when the filter cake forms on the borehole. That is. these drilling muds or dr,ll-.r , fluids are specially 
desianed systems to be used to drill a production zone with minimal damage to the formation and thus, the subsequent 
production of hydrocarbons. It will therefore be appreciated that the exact grading for a particular fluid will depend in 
large measure on the permeability characteristics of the formation. Generally, by the term "graded" ,t » meant that the 
calcium carbonate particles have a certain defined size distribution. It has been discovered .n the composition of this 
invention that the graded CaC0 3 should have a relatively wide, rather than a narrow distribution of size. That is the 

W O 30C (coarse) product has about 100% of its particles less than 200 microns in diameter but only about 40 /o of its 
particles less than 100 microns indicating most of the particles are between 100 and 200 microns which may be too 
Sow a distribution for most applications o. the inventive fluids. A product such as Hube^rb^ has a „ 
bution that more closely fits the typical formation pore diameters. Its size d.stribution is 96% less than 76n, 82/o less 
than 44u 50% less than 20p. and 28% less than 10p. It will be appreciated that even if a particular grade of calcium 
carbonate is too narrow lor this fluid, that by blending two or more grades of calcium carbonate that a particle size 
distribution may be obtained which is suitable. For example, if Hubercarb Q-200 grade is acceptable, such distribution 
may be approximated by blends of other products, e.g. 50% of Ruber's M-50 and Q-200 products or even a 66% M-50 
and 33% Q-200 blend. Examples of commercially available graded calcium carbonate which may be useful in th,s in- 
vention eiL alone or as blends include, but are not limited to, W O. 30F. W.O. 30C and Mil-Carb sold by Baker Hughes 
INTEQM-3 M-4 M-6 M-50, M-70, M-200, M-300, Q-60, Q-1 00 and Q-200 sold by J. M. Huber Corp. Ideally, the particle 
size distribution of the fluid system of this invention should be one which is close to or approximates this material. In 
one aspect of the invention, it has a distribution of the following Table A. 

Table A 
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55 



Haf:o n Particle Size Distribution 


Particle Size (microns) 


Percent Smaller Than Than Given Size, But Larger Than Next Size 


128 


0 


96 


6.1-7.5 


64 


6.1-7.5 


48 


18.3-22.3 


32 


11.2-13.6 

' ■ " ■^♦i/^rt ^vf thio Tahlo nn the nPVt naflfi 
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Table A (continued) 


CaCO^Particle Size Distribution 


Particle Size (microns) 


_ . ii tu«« Tkon ^iimn CivQ Rut I amor Thpn Npxt Size 

Percent Smaller Than man uiven oize, dui Ldiyei i nan incai sj«.o 


24 


57.*+- 1 1 .*T 


16 


6.6-8.0 


12 


6.5-7.9 


8 


5.6-6.8 


6 


5.2-6.4 


4 


3.5-4.3 


3 


2.6-3.2 


2 


2.5-3.1 


1.5 


1.1-1.3 


1 


5.4-6.6 



It is believed without being limited to any one theory, that too narrow a distribution provides too many of the same 
size of particle which therefore tend to stack like marbles with interstices or spaces between the relatively unrform par- 
ticles which permit fluid flow therethrough. By using a distribution of various sizes, the gaps between the larger particles 
are filled by the succeedingly smaller particles. Permeability and porosity are a function of the pore throat s.ze of the 
particles making up the formation. Using one non-limiting example, if the average pore throat size of the particular 
formation is x, then the size of the particles used as the bridging particles in the filter cake m.ght be x/6 o r some other 
oZ rHowever. as explained above, not all of the filter media particles should be x/6, but they should be distributed 
or graded about the x/6 point. For example, x/2 fluid particles would -bridge" across the spaces between the x grains of 
the formation In turn, x/3 particles would bridge between the x/2, which in turn would be bridged by the x/4 particles 
and so forth (to and beyond less than x/6, to x/7, etc.) until complete blockage occurs. While this is an oversimplified 
illustration it does explain why a fluid having a wide or graded distribution of calcium carbonate particle sizes forms a 
more impermeable filter cake than one wfth a more narrow distribution and uniform particle size. It is also apparent that 
it is not possible to specify the exact size distribution of the particles in any given fluid, since the distnbution depends 
on the average pore throat size of the formation where the fluid is to be used. 

One non-limiting hypothesis about how the invention works involves the poVmerized starch and non-.on,c polysac- 
charide polymers coating or encapsulating the calcium carbonate particles with a thin shell in a "loose" way that covers 
and protects essentially the surface of the well bore, without invading or penetrating into the format.on. In some unique 
way the filter cake thus built up is durable during operations but may be easily removed at the beginning of the fluid 
replacement and hydrocarbon recovery phase with little or no pressure spike. The lack of pressure spike is believed to 
be due to the fact that the filter cake does not invade the formation nor form a cake which is too highly connected and 
rigid and which peels away particle by particle, rather than in lumps or masses. For example, the filter cakes from the 
fluid loss system of this invention may be removed at pressures equal to or less than 10 psi. 

It has been demonstrated that the effects of "skin damage" (very shallow permeability damage into the format.on 
from the well bore; total thickness: 0.1 ft.) on estimated production can be very minimal. If permeability is reduced by 
50% in a small area space as in skin damage (0.5-0.6 ft invasion from the well bore), the overall effect on product.on is 
minor, only a 2.1% reduction occurs. On the other hand, if damage to the formation continues reducing the permeability 
deeper (e g from 0.5 to 10 ft into the formation), production can be lowered by 26%. 

In one embodiment of the invention, the well bore is in aformation having a permeability, and where the permeability 
of the formation prior to injecting the fluid system is K, and the permeability of the formation ^^"B*^" 1 " 
from the well bore is K f . Using the fluid loss system of this invention, K/K, ranges from 0.90 to 1 .0, preferably 0.95 to 
1 0 In many commercial systems, K/K ( is much less than 0.9. 

Generally by the term "biopolymer" is meant a water-soluble polymer resulting from the action of bacteria, fungus 
or other life form on carbohydrates. The purpose of the biopolymer is to build viscosity in the fluid system for suspending 
and carrying solids. For the purposes of this invention, the suitable biopolymers are non-ionic polysaccharides of the 
scleroglucan type. Non-ionic polysaccharides of the scleroglucan type are sometimes also called P*"»^gumii 
or polyglucans. A trade name for a particular scleroglucan found to be suitable for this .nvention is ACTIGUM® CS 6 
DF manufactured by Sanofi Bio Industries. This product is described as a polysaccharide gum produced by a fungus 
usinq an aerobic fermentation process. Thus, the process is similar to that used to produced Xanthum gum or xanthan 
but employsadifferentbacteria.ACTIGUMCS6DFisfurtherdescribedasapolyglucan,vvherethelinkages are specified 

as (1 -3X1 -6) The polymer appears to be nonionic in nature since it will disperse and hydrate with elevated temperature 
in the high density brines such as calcium chloride and calcium bromide brines. It possesses an advantage over hydroxy 



4 



10 



15 



20 



EP 0 691 454 A1 

ethvl cellulose in that the low shear rheology shows gel building properties needed for solids suspensions^ It also shows 

Other scleroglucan polymers with the properties listed above would be suitable. 

AwZ required component of the fluid system of this invention is a polymenzed starch. l is evident that the po- 
lymer Sd starch is a different materia, from the biopo.ymer described above. The sta -^^^"f^ 
compatible with the biopoVmer, and also to enhance the viscosity stabilizing propert.es of the Copolymer. The po ym- 
eSs^ch also i added as a secondary bridging agent or filtration contro. agent. In one non-l,mit,ng example a 
sSleSme^ed starch is obtained from Chemstar called Exstar 2205. This product was chosen from several prod- 
r asXn^ts good leak-off contro. and return permeability resuKs. AKhough its mo, ecuter weight is unknown, » 
molecular weight has been increased by polymerization and thus serves as a more effective bndgmg agent .n the in 
ventive system as compared with more conventional starches. 

The fluid loss system of this invention provides a filter cake which does not have to be removed rom th .wall of the 
formaton or from prepacked perforations before gravel packing. The filter cake will pass through the gravel pack and 
irr^commSly avaSable products require removal of the filter cake prior to placement of the gravel pack 
Siuse reZS damages the formation and the cake material will not pass through the gravel pack and screen. 
5EZ ak^oled by the inventive fluid loss system and the fluid when used as a prepad for -frac packing" will pass 
^ouah he ,rac pack All products of this nature on the market are damaging and will not return through the pack. For 
exampe^ 

Z abimy of the fitter cake to pass through these structures is further evidence that it may break up one particle at a 

tim %S — n w7no e w S iSS described by the use of the following non-limiting Examp.es which are mere, 
illustrative without being restrictive. 
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EXAMPLES 1 AND 2 

A fluid/mud system of this invention (Example 1) and one of more conventional formulation (Example 2) were as- 
sembled as described in Table I. 



TABLE 1 



Compositions of Fluid Loss Systems 



Component 



Water, cc 

Actigum CS 6 DF, g 
Biozan, g 
B-641 , g 
W.O. 30 C, g 
W.O. 30 F, g 
Dicalite 104, g 
Exstar, g 
Filtrex, g 
KCI 4%, g 



(Inventive) Example 1 



317 

1.5 

50 



6 

12.9 



(Comparative) Example 2 



317 

1.36 

25 
25 
25 

15 
12.9 



For both 



Examples, the HPHT dynamic filtration unit testing parameters were maintained at 300 rpm, 500 psi and 



250°F. Dynamic filtration results are as shown in Table I 
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TABLE II 

Dynamic Filtration Results: Examples 1 and 2 



Example 1 



5 



10 



Minutes 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


15 


20 


25 


30 


Cumula- 
tive 
Filtrate 


5.5 


6.5 


7.0 


7.5 


8.0 










9.0 


10.5 


11.5 


12.5 


13.0 


x2 


11.0 


13.0 


14.0 


15.0 


16.0 










18.0 


21.0 


230 


25.0 


26.0 


Cake 
Thick- 
ness (mm) 


1.0 







15 



20 



25 



Minutes 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


15 


20 


25 


30 


Cumula- 
tive 
Filtrate 


2.1 


3.5 


4.7 


5.7 


6.6 


6.9 


7.5 


8.1 


8.6 


9.1 


11.1 


12.7 


14.2 


15.3 


x2 


4.2 


7.0 


9.4 


11.4 


13.2 


13.8 


15.0 


16.2 


17.2 


18.2 


22.2 


25.4 


28.4 


30.6 


Cake 
Thick- 
ness (mm) 


2 









Return permeability analysis was done with high permeability Berea Sand-stone. LVT-200 was used for simulation of 
oil Return permeability was determined to be 90% for the Example 1 fluid and 60% for the Example 2 fluid. It is apparent 
that the inventive fluid of Example 1 had better fluid loss control (26.0 v. 30.6 at 30 minutes) and better return permeability 
(90% v. 60%). 



30 EXAMPLE 3 

Drill-in fluids tested in this Example were two different calcium carbonate fluids with different particle size distributions 
and a graded salt drilling fluid. The drill-in fluid DFA of this invention was a graded calcium carbonate fluid recommended 
for use on reservoirs from 60 millidarcies (md) to 5000 md of permeability. This fluid consisted of water soluble polymers, 
35 and the graded calcium carbonate. 

DFA - Drill-in Fluid A is a standard 4% KCI fluid (14 Ib/bbl KCI) including additionally 50 Ib/bbl B-641 calcium car- 
bonate, 1 .5 Ib/bbl ACTIGUM® CS 6 DF and 6.0 Ib/bbl Exstar 2205. 

DFB - Drill-in Fluid B uses the same polymer composition as DFA, but with a different particle sized calcium car- 
bonate DFB demonstrates the effect of choosing too narrow particle size distribution. Specifically, the particle size 
40 distribution was custom sized for 3000 md of reservoir permeability and was not as widely distributed over as many 
sizes as that of DFA 

DFC - Drill-in Fluid C is a fluid prepared with a sized salt (NaCI) for bridging purposes. It also contained a xantnum 
derivative polymer and an organic starch to enhance fluid loss properties of the fluid. 

DFD - Drill-in Fluid D is essentially the same as DFA with the exception that a coarser particle size distribution of 
45 the calcium carbonate (specifically B-647) was used to effectively bridge the relatively coarse gravel packs. This dem- 
onstrates that the graded calcium carbonate must be sized to the gravel pack used. 



so 
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Flow Test Description 

A flow test apparatus was constructed so that a CaCO a or NaCI particle filter cake could be placed inside a 3 in. 
(76 mm) I.D. porous aluminum oxide tube. This porous tube was attached to 3 in. (76 mm) I.D. PVC tubes (above and 
below the porous tube) and placed inside a 6 in. (150 mm) transparent, methylacrylate tube with flanges on each end. 
The total length of the inner concentric tubing string was 7 ft. (2.0 m). A centrifugal pump was manifolded to the test 
vessel, such that fluid could be circulated through the inner string or displaced through the concentric tubing annulus 
(formed by the inner string and the methylacrylate tube), through the porous tube (from outside to inside) and out through 
the inner tube. Pressure transducers were placed at the inlets and outlets of the inner tube and the concentric annulus. 
The pressure differential across the inlet and outlet of the inner tube was also monitored. A flow meter was also used 
on the discharge of the centrifugal pump so that all flow rates could be accurately monitored. All data was collected by 
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a dedicated computer for each test performed and fluid losses from the inner tube were manually measured. 
Test Procedures 

Before performance of the actual flow tests, the "system pressure drop- was determined so that friction pressures 
wouldt be ncluTed n permeability calculations. The system pressure drop was determined by ^ = 
Tminum oxide tube with a perforated tube having the same dimensions of the porous tube. Flu* I was .n,ect« through 
fhe concentric annulus, through the perforated tube and out of the apparatus through the 3 m. (76 mm) tube located 
beiowSeJoratedtube.^ 

su %;rr P ^utd c& *.uid w«h «~ «. * «*- be, ow . 

1 ThetestapparatuswasfilledwimfilteredtapwaterandtheinitialpermeaM 

by circulating filtered fluid through the annulus and porous tub. The pressure drop across the porous tub (torn 
outs de to inside) was calculated by subtracting the "system pressure drop" from the observed I pressure dropJh,s 
method eliminated friction pressure from the calculation. Darcy's radial flow equation was used, wrth the corrected 
pressure drop to calculate the porous tube's permeability. 

2 The filter cake was placed on the inside of the porous tube by circulating the appropriate drilling fluid through the 
toner tub ng "ring at 15 BPM (barrels per min, 0.2 n*Mn.) while allowing leak off through the porous ub to the 
SSTSWmlnuU-, the circulation rate was increased to 4.5 BPM (0.7 *AMtl) and I circulated at this rate 
for 10 minutes. Pressure drop between tubing and annulus was 50-60 psig (350 to 420 kPa). 

3 Thecirculation rate was decreased to 1 BPM (0.16 mS/min.) and the completion fluid was circulated for lOminutes 
at this rate. Visual observations could be made through the transparent methylacrylate outer tube to see , i he 
completion fluid was leaking off through the filter cake. In addition to visual observations, the valve on the annulus 
was left open so that the leak off rate could be measured. 

4. After 10 minutes of circulation, the circulating rate was incremented to 2 BPM (0.3 mS/min.) and maintained for 
30 lOminutes. 

5. The circulation rate was then incremented to 3.0 BPM (0.5 m^/min.) and held at this rate for 20 minutes. Fluid 
loss rates were monitored throughout the test. 

6 While circulating at 3 BPM (0.5 mW), 1 lb/US. gal (1 20 kg/m*) of 40-60 sand, was added to the completion 
fluid and continued at this rate for another 20 minutes. During all circulation tests the pressure drfference between 
the inside and outside of the porous tube was maintained at 50 to 60 psig (350 to 420 kPa) by application of back 
pressure. 

7 After the circulation tests were completed (steps 1. through 6.) the final permeability of the porous tube was 
measuredby circulating filtered tap waterthrough the porous tube (from outside to inside) via the annular crculat.cn 

path. 

8. Darcy's radial flow equation was then applied to calculate the final permeability of the porous tube. 

9. A ratio of final permeability to initial permeability was then calculated for each fluid tested. 

Besides the three drill-in fluids DFA, DFB and DFC tested, three completion fluids, with and without 40-60 U.S. 
mesS were a s^ £ ed. These fluids were: (1) filtered tap water (filtered, saturated Nad brine for use with the 
graded sart dri l ing fluid), (2) filtered tap water viscosified with 0.48% hydroxy-ethylcellulose (HEC) (Altered saturated 
SJbr ne vise cied with 0.48% HEC for the graded salt drilling fluid), and (3) filtered tap water viscosftec wrth £43% 
xanthum gum derivative (filtered, saturated NaCI brine viscosified with 0.43% xanthum gum denvat we P°*™< 
graded sal drilling fluid) When sand was added to the fluids, a concentration of 1 Ibm/U.S. gal (120 kg/ m 3) o f 40*0 
mesh gravel pack sand per U.S. gallon of comp.etion fluid was used. The sand slurries were tested because honzonta 
we..s are sometimes gravel packed with these fluids. The data attained from the flow teste -s summanzed ,n Tab.es 
through V Each Table reflects the test results of all six completion fluid tests with a specific dnll.ng flu.d. 

The porous tube permeabilities ranged from 3500 md to 6500 md, and the typical test pressures all ranged from 
50-60 psig (350-420 kPa). 
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When the DFA and DFB drill-in fluids were tested, the filter cakes manifested very little change with respect to fluid 
loss The fluid loss rate appeared to be independent of completion fluid circulation rate with the exception of the water 
and sand slurry. When the sand was added to the water and this slurry was initially circulated across the fitter cake an 
initial increase in fluid loss was observed. However, as circulation time increased, the fluid loss rate again decreased to 
L level that was slightly greater than that of the water without sand. It should be noted that the fluid losses were much 

9fea |nrti^ rt f?uid F |Ssses for the HEC viscosified fluid were extremely high when compared to other fluids tested and this 
cannot be readily explained and did not correlate with dynamic filtration tests. 

In summary the filter cake particles for all drill-in fluids tested did not appear to be eroded by circulation of the 
completion fluids. However, when sand was added to the filtered water (or saturated brine) the initial fluid loss ra e 
increased as the brine-sand slurry reached the filter cake. But as circulation was continued the fluid loss rates .began to 
decrease This phenomenon could be due to a partial erosion of some filter cake particles, initially, coupled with the 
deposition ot sand particles on top of the remaining filter cake. Most of the filter cake particles, CaC0 3 and NaCI, were 
removed by back flow, i.e. flow from outside to inside of the porous tube. 
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TABLE III 
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Woii <;imiil*t™- Plnw Tp*t Rpmilts — Drill-in Fluid A (DFA) 


Porous Tube I.D. 


= 3"; L = 2 ft. 






Initial Permeability, Kj, md 


3534 


4725 


6304 


Placement of Filter Cake 








Fluid Pad Circulation loss 








Filtrate Rate at 1.5 BPM, cc/min. 








1 min 


28 


28 


44 


3 min 


lo 


zz 


"34. 


6 min 


16 




OKJ 


9 min 


14 


17 




Filtrate Rate at 4.5 BPM, cc/min. 








1 min 


12 


14 


32 


3 min 


12 


14 


18 


6 min 


12 


14 


16 


9 min 


12 


14 


16 


Completion Fluid Type 


Water 


0.43% XC 


0.48% HEC 


Completion Fluid Circulation Loss 








Fluid Loss at 1 BPM, cc/min. 








1 min 


48 


12 




3 min 


48 


12 


240 


6 min 


38 


12 


116 


9 min 


28 


12 


74 


Fluid Loss at 2 BPM, cc/min. 








1 min 


24 


12 




3 min 


24 


12 


36 


6 min 


26 


12 


26 


9 min 


26 


12 


22 


Fluid Loss at 3 BPM, cc/min. 








1 min 


30 


12 


20 


3 min 


31 


12 


18 


6 min 


32 


12 


18 


9 min 


32 


10 


12 


Gravel Slurry Circulation Loss 








Fluid Loss at 3 BPM, cc/min. 








1 min 


220 


10 


12 


5 min 


64 


10 


12 


10 min 


52 


12 


12 


20 min 


48 


12 


12 


Final Permeability, Kf, md 


3121 


4243 


4702 


Return Permeability Ratio, Kf/Kj 


0.88 


0.90 


0.75 
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TABLE IV 






w*11 Simula*™- Flow Test Results — Drill-in Fluid B (DFB) 


FOrOUS 1UD€ l.L/. 




"> ft 




Initial Permeability, Kj, md 


3279 


3260 


3260 


Placement of Filter Cake 








Fluid Pad Circulation loss 








Filtrate Rate at 1.5 BPM, cc/min. 








1 mi n 

1 lillll 






36 


,J Illlll 


36 


36 


26 


6 min 


ao 


ou 


24 


9 min 


OA 


zu 




Filtrate Rate at 4.5 BPM, cc/min. 








1 min 


3z 


on 
zu 


70 


3 min 




20 


20 


6 min 


OQ 
OO 


on 
zu 


20 


9 min 


1Q 

DO 


on 
zu 


20 


Completion Fluid Type 


water 


\}s±D fO AX- 


0 48% HEC 


Completion Fluid Circulation Loss 








Fluid Loss at 1 BPM, cc/min. 








1 min 


18 


15 


350 


3 min 


10 


18 


o en 

350 


6 min 


10 


16 


oca 

250 


9 min 


18 


16 


170 


Fluid Loss at 2 BPM, cc/min. 








1 min 


20 


ID 


ISO 


3 min 


26 


14 


1 oo 

122 


6 min 


28 


16 


100 


9 min 


28 


15 


90 


Fluid Loss at 3 BPM, cc/min. 








1 min 


26 


15 


7n 
/U 


3 min 


28 


ID 


58 


6 min 




15 


50 


9 min 


32 


14 


36 


Gravel Slurry Circulation Loss 








Fluid Loss at 3 BPM, cc/min. 








1 min 


98 


26 


32 


5 min 


60 


22 


30 


10 min 


48 


22 


28 


20 min 


42 


20 


20 


Final Permeability, Kf, md 


3156 


2921 


2868 
0.88 


Return Permeability Ratio, Kf/Kj 


0.96 


0.90 
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TABLE V 



Well Simulator Flow Test Results — Drill-in Fluid C (DFC) 
Porous Tube I.D. = 3"; L = 2 ft. 



iniii oi x ermea unity, mo 


^1 Al 


274^ 


3164 


riacement or riiier LSKe 








riuia l aa v^ircuiauon loss 








Filtrate Rate at 1.5 BPM, cc/min. 








1 min 


22 


40 


46 


3 min 


20 


26 


38 


6 min 


14 


16 


38 


9 min 


14 


14 


38 


Filtrate Rate at 4.5 BPM, cc/min. 








1 min 


10 


14 


38 


3 min 


10 


12 


38 


6 min 


10 


12 


38 


9 min 


10 


12 


38 


completion riuia type 


NaCl 


0.43% XC 


0.48% I 


v^ompieuon riuia ^lrcuiauon loss 








riuia Loss at l brM, cc/mm. 








1 min 






isoo 


3 min 




zuu 


1700 


6 min 


zoU 


1 1Z 


1500 


9 min 


OZ 




1500 


THniH T acc af 9 RP\4 rr/min 
riUlU LAJbo al Z Dl 1V1, CC/ Imn. 








1 min 






1900 


o min 


on 


95* 
zo 


7700 


6 min 


/ft 


9£ 
ZO 


9400 


9 min 


A9 
OZ 


9A 


7700 


riuia L»oss at ^ Di ivi, CC/ min. 








1 TTiin 

1 111X11 


74 


34 


1800 


3 min 


64 


34 


1600 


6 min 


58 


34 


1400 


9 min 


46 


18 


1100 


Gravel Slurry Circulation Loss 








Fluid Loss at 3 BPM, cc/min. 








1 min 


188 


30 


1200 


5 min 


56 


30 


1100 


10 min 


32 


18 


1000 


20 min 


24 


16 


800 


Final Permeability, Kf, md 


3071 


2335 


2641 


Return Permeability Ratio, Kf/Kj 


0.98 


0.85 


0. 



Dynamic Filtration and Filter Cake Stability Test Procedure 

Dynamic filtration tests were performed using DFD according to the following procedure. The test utilized a Dynamic 
HT-HP Filtration unit as described by Chesser, B. G., et al., "Dynamic and Static Filtrate Loss Techniques for Monitoring 
Filter Cake Quality Improves Drilling Performance, M SPE 20439, 1 990 SPE Annual Technical Conference and Exhibition, 
New Orleans, LA, Sept. 23-26, 1 990. The design and operating characteristics of this device were published in Chesser, 
B. G., "Dynamic Filtration of Drilling Fluid, " Advances in Filtration and Separation Technology, American Filtration 



11 



EP 0 691 454 A1 



Society, Vol. 1, 1990, pp. 103-107. These articles are incorporated by reference herein and thus will not be given here. 
The device consisted essentially of a high pressure filtration cell fitted with a motor driven shaft and propeller providing 
dynamic erosion of the cake. A three-bladed tear-shaped 0 propeller with 1/1 6 in. clearance at the cell wall was utilized, 
providing a circulating action downward on the cake. This design tends to eliminate the highly variable shear rate from 

s center to outer cell wall that is prevalent in a simple circular stirring motion. 

The drilling fluid and flushing fluid were prepared immediately before the test. The dynamic filtration test to form the 
filter cake with the drilling fluid is as follows: the fluid was filtered dynamically at 1 50° F, 500 psi (3500 kPa) and 300 rpm 
for 30 minutes. After forming the cake, the drilling fluid is removed from the cell and replaced with the flush fluid to 
measure the effects of the flush fluid on the existing filter cake. The flush fluid ran at 300 rpm with 500 psi (3500 kPa) 

10 for 30 min. measuring the filtration every five minutes. 

The leakoff characteristics of both DFD and the typical completion fluids observed in the flow test apparatus were 
similar to the dynamic filtration tests, performed at 250°F (1 20°C.) and 500 psi (3500 kPa). Table VI displays the results 
of the dynamic filtration and filter cake stability tests. The results show only a small increase in filtration rate after flushing 
40 min. with HEC fluid at 300 rpm. 

TABLE VI 

Dynamic Filtration and Cake Stability Test Results 
Test Conditions: 150°F., 500 psi, 300 rpm 
20 Drilling Fluid D (DFD) 

Dynamic Filtration of Fluid Pad 
Time, minutes Filtration Volume, ml 



1 


4.5 


2 


5.5 


3 


5.9 


4 


6.2 


5 


6.8 


10 


8.3 


15 


9.5 


20 


10.5 


25 


11.3 


30 


11.9 



Filter Cake Stability Test 
Flush Fluid - HEC @ 300 rpm 
Time, minutes Filtration Volume, ml 



1 


0.5 


2 


0.6 


3 


0.6 


4 


0.7 


5 


0.8 


10 


1.1 


15 


1.5 


20 


2.0 


25 


2.5 


30 


3.0 
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TABLE VII 



ui.ii Qimntatnr Flow Test Results Usinq Perlflow® prepared with W-307 




Testl 


Test 2 


Test 3 


Initial Permeabilitv Ki, md 


JO I O 


3618 


3618 


Drill-In Fluid Circulation Loss 








Filtrate Rate at 1 .5 BPM, cc/min 








1 min 


850 


onr\n 
<iUUU 




3min 


18 


22 


18 


6 min 


15 


15 


15 


9 min 


12 


12 


12 


Filtrate Rate at 4.5 BPM, cc/min 








1 min 


10 


14 


11 


3 min 


10 


14 


10 


6 min 


10 


10 


10 


9 min 


10 


12 


10 



TABLE VIII 



Well Simulator Flow Test Results Using Periflow® prepared with W-307 





Test 1 


Test 2 


Test 3 


Completion Fluit Type 


Water 


36 pptg XC 


50 pptg HEC 


Completion Fluid Circulation Loss 








Fluid Loss at 1 BPM, cc/min 








1 min 


16 


12 


16 


3 min 


15 


8 


11 


6 min 


13 


8 


47 


9 min 


20 


8 


103 


Fluid Loss at 2 BPM, cc/min 








1 min 


16 


8 


120 


3 min 


22 


7 


85 


6 min 


24 


7 


70 


9 min 


26 


7 


90 


Fluid Loss at 3 BPM, cc/min 








1 min 


25 


7 


120 


3 min 


26 


7 


60 


6 min 


29 


7 


73 


9 min 


28 


7 


57 



Return Permeabilitv Tests 

o, J^SEZS Z^^^^e on return permeabi.it, The test procedure was as follows 



Additional testing was performed to see if it was possible for the 



1 . A sand bed of 20-40 U.S. mesh gravel pack sand was placed on top of the 1 40-270 sand pack and was contained 
between the sand pack and a screen at the top of the cell. 

2. Oil was injected through the 1 40-270 U.S. mesh sand pack and 20-40 U.S. mesh gravel pack to determine the 
effective initial permeability of both sand beds. 



3. The 20-40 



U.S. mesh sand pack was removed and a filter cake was produced on the 140-270 U.S. mesh sand 
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u k e ..Ki^tinn th« sDGcific drillinq fluid to the face of the sand bed while holding a differential pressure of 200 

5£X: ^Z^S^***** — - its ,i,ter The spurt (inrtial) and 

filtrate losses were measured and recorded. 
4. The 20-40 U.S. mesh sand was then repacked on the 140-270 U.S. mesh pack. 

displacement. Table XII reflects the results of the particle displacement tests. 

The test usingDFDshowedaretumpermeabilityof76.3%. This indicated that most of the filtercake particles were 

ca CeC2£~^ 

of 42% after displacement of 3 liters of tap water, at which time the injection pressure staMized. 
Testing 

As mentioned in order for a solid ladened fluid to mechanically seal pore openings it first must be comprised of the 
™ ThTtartfcle size analysis of B-641 calcium carbonate used in this drill-in fluid ,nd,cates a w,de 

SSnTpI^ 

distributed from colloidal to 60 microns. Table X illustrates the part,cle s.ze analysis of the dnll-.n fluid as tested. 
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TABLE IX 
Particle Size Analysis — B-641 
Cilas 715 Granulometer Particle Size Analyzer 

Particle Size Percent Smaller Percent Smaller Than Given 

(microns) Than Given Size Size. But Lar ger than Next Size 

128 100 0 

96 100 6.8 

64 93.2 6.8 

48 86.4 20.3 

32 66.1 12.4 

24 53.7 10.4 

16 43.3 7.3 

12 36 7.2 

8 28.8 6.2 

6 22.6 5.8 

4 16.8 3.9 

3 12.9 2.9 

2 10 2.8 

1.5 7.2 1-2 

16 6 

Calculated Surface Area (m 2 /cm 3 ) 1.48 

90% Smaller than (microns) 54.8 

50% Smaller than (microns) 21.2 

10% Smaller than (microns) 2 



15 



EP 0 691 454 A1 



TABLE X 

Particle Size Analysis — Formulated Fluid Pad 
Cilas 715 Granulometer Particle Size Analyzer 
Particle Size Percent Smaller Percent Smaller Than Given 

(microns) Than Given Size Size. But Lar ger than Next Size 



192 




100 


0 


128 




100 


2.3 


96 




98.7 


10.8 


64 




86.9 


10.2 


48 




79.0 


16.7 


32 




60.0 


12.9 


24 








16 




37.8 


7.3 


12 




31.6 


5.4 


8 




25.1 


5.1 


6 




20.8 


3.9 


4 




16.1 


3.6 


3 




13.0 


2.7 


2 




9.8 


3.5 


1.5 




6.7 


1.0 


1 




5.3 


5.3 




Calculated Surface Area (m 2 /cm 3 ) 


134 




90% 


Smaller than (microns) 


703 




50% 


Smaller than (microns) 


24.7 




10% 


Smaller than (microns) 


2.0 



Dynamic Filtration Test 

The dynamic filtration tests were conducted at 250' F. with 500 psi differential pressure and stirring the fluid at 300 
rpm for 30 minutes. The filter cakes formed from the dynamic filtration (see Table XI) were measured and found to be 
very thin (1-1 5 mm) and extremely durable. As one would expect, the cumulative filtration using the low permeability 
berea was less than the filtralion using the aloxite disk, but the equilibrium filtration rates after the filter cakes were 
formed were identical. This illustrates that the resulting fitter cakes have veiy low permeability and quickly control the 
filtration of the fluid. 
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Temperature • 
Diff. Pressure 
RPM 

Filter Medium 
Cake Thickness, mm 
Time (minutes) 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
15 
20 
25 
30 



TABLE XI 
Dynamic Filtration Test 
250°F. 
500 psi 
300 

Testl 
Aloxite (2-4 Darcy) 
1 



Test 2 
Berea (150 md) 
1.5 



Cumulative Filtration (mL) 



0 

4.5 
5.5 
6 

6.5 
7 

7.5 
8 

8.2 
8.5 
8.7 
9.5 
10.5 
11.5 
12 



0 

1.5 
2 

2.2 
2.5 
2.8 
3.2 
3.5 
3.7 
4 

4.2 
5 

5.8 
6.5 
7.2 
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TABLE XII 
Leak-Off and Return Permeability Test 

Conditions: 

4% KC1 Perfflow 

5.25 in. x 2.0 in. Dia. Core with 0.75 in. dia. hole 2.25 in. depth 
800 md permeability 
1.5 in annular pack 20/40 gravel 
Run at 70°C and 200 psi 
Filtration During Bridging and Leak Off Test 

Time, min. Fluid Loss, cc/cm^ Interval Los s, cc/cm^ 



1 


4.2 




4 


4.8 


0.6 


9 


5.4 


0.6 


16 


5.9 


0.5 


25 


6.1 


0.2 


36 


6.4 


0.3 


49 


6.9 


0.5 


60 


7 


0.1 



Initial and Return Oil Permeabilities 
Initial Oil Permeability Return Oil P ermeability 



Vol. Pumped, cc 


Diff. Pres., psi 


Flow Rate, cc 


Diff. Pres., psi 


Flow Rate, cc 


Break-Out, psi 






28.8 


0 


500 


10.4 


190 


15.9 


200 


1000 


10.4 


190 


15.5 


206 


1500 


10.4 


190 


12.5 


175 


2000 


9.7 


177 


12.7 


179 


2500 


9.7 


178 


12.7 


176 


3000 


9.7 


184 


12.7 


178 



Percent Return Permeability = 76.3% 



Example 4 

Objective: Todetermine the return permeability of 4% KCI PERFFLOW© after bridging on 20/40 gravel and flowing 
back through 20/40 gravel using PERFFLOI/V Fluid DFD. 

Test Procedure- This test utilized a 5.25 in. x 2.0 in. diameter 800 md berea core. A 0.75 in. diameter hole 2.25 in. 
in depth was drilled concentrically into the core to simulate a perforation. A 1 .5 in. sleeve was placed above the core to 
represent an annular space. After assembling the core and sleeve in a core holder, the annular space and perforation 
was packed with 20/40 gravel and an initial oil permeability of the core and sand pack was established. The annular 
gravel was then removed and the volume filled with the PERFFLOW fluid DFD. DFD has a coarser particle size than 
fluid DFA The core was heated to 70"C. and 250 psi pressure applied during a 1 -hour leak-off test. The cell was tnen 
opened the remaining PERFFLOWpoured off, taking care not to disturb the filter cake. The annular gravel was replaced 
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on top of the cake and the cell reassembled. The return permeability of the exposed core was then determined by flowing 
oil in the original production direction. The results are shown in Table XIII. 



TABLE XIII 

Filtration During Bridg in g and Leak-Off Control Test 



Time, min. 



Fluid Loss, cc/cm2 Interval Loss, cc/cm^ 



1 


4.6 


1.1 


4 


5.7 


0.8 


9 


6.5 


1.1 


16 


7.6 


1.0 


25 


8.6 


0.6 


36 


9.2 


0.7 


49 


9.9 


0.3 


60 


10.2 





Initial and Return Oil Permeabilities 
Initial Oil Permeability Return Oil Permeability 

Vol. Pumped, cc Diff. Pres.. psi Flow Rate, cc Diff. Pres., psi Flow Rate, cc 



ak-Out, psi 


0 




19.0 




500 


10.6 


122 


13.5 


162 


1000 


10.2 


126 


10.4 


130 


1500 


10.1 


128 


10.4 


126 


2000 


10.1 


128 


10.4 


130 


2500 


10.1 


132 


10.3 


130 


3000 


10.1 


130 


10.3 


130 



Percent Return Permeability = 98.1% 

Many modifications may be made in the composition and implementation of this invention without departing from 
the spirit and scope thereof which are defined only in the appended claims. For example, the exact nonionic scleroglucan 
and exact polymerized starch may be different from those used here and the graded calcium carbonate may have a 
different exact size distribution than those used in these examples. 



GLOSSARY 
20-40 Frac Sand 
40-60 Frac Sand 
Actigum CS 6 DF 

B-641 
B-647 

Biozan® 



Gravel pack sand per API specifications: RP 58 March 31 , 
1986. 

A polysaccharide gum or a polyglucan prepared by a fungus using a fermentation process, 
available from Sanofi Bio Industries. It can be specifically described as a scleroglucan. 

Graded or sized calcium carbonates to bridge pore 

openings, available from Baker Hughes INTEQ. B-641 corresponds to Hubercarb Q-200, and 
B-647 corresponds to Hubercarb M-70, both available from J. M. Huber Corp. 

A water soluble polymer used as thixotropic polymer sold by Baker Hughes INTEQ, manufac- 
tured by Kelco. 
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Exstar 2205 A polymerized starch with the degree of polymerization adjusted to minimize leak-off but with 

sufficient water solubility to enhance filter cake dispensability, available from Chemstar. 

LVT-200 Synthetic oil marketed through Conoco Inc. 

Perf/tow® A drilling completion fluid especially formulated to control fluid loss in low to high permeable 

sands and provide a filter cake that can easily and effectively be removed by the produced 
fluid without acidizing or breaker treatment. 

10 w _307 a dispersion of water soluble polymers in tripropylene glycol used to prepare a Perf flow fluid. 

This dispersion prevents the formation of nondispersed polymer globules (fish eyes) when 
preparing the fluid in the field. 



15 Claims 
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A fluid system for controlling fluid losses during hydrocarbon recovery operations, comprising: 
water; 

a distribution of graded calcium carbonate particle sizes; 
a non-ionic polysaccharide of the scleroglucan type; and 
a polymerized starch. 

The fluid system of claim 1 where the system comprises from about 70 to 90 wt% water; from about 10 to 30 wt.% 
blend of graded calcium carbonate particle sizes; from about 0.25 to 1 wt.% of non-ionic polysaccharide of the 
scleroglucan type and from about 1 to about 3 wt.% polymerized starch. 

The fluid system of claim 2 where the system comprises from about 82 to 85 wt.% water; from about 1 3 to 1 4 wt.% 
blend of graded calcium carbonate particle sizes; from about 0.4 to 0.5 wt.% of non-ionic polysaccharide of the 
scleroglucan type and from about 1 .5 to about 2.0 wt.% polymerized starch. 

The fluid system of any one of the preceding claims further having the property of forming a durable filter cake which 
can be removed by produced reservoir fluids. 

The fluid system of claim 1 where the graded calcium carbonate particle sizes comprise the following distribution: 



Particle Size (microns) 


Percent smaller than given size, but Larger than next size 


128 


0 


96 


6.1-7.5 


64 


6.1-7.5 


48 


18.3-22.3 | 


32 


11.2-13.6 5 


24 


9.4-11.4 


16 


6.6-8.0 


12 


6.5-7.9 


8 


5.6-6.8 


6 


5.2-6.4 


4 


3.5-4.3 


3 


2.6-3.2 


2 


2.5-3.1 


1.5 


1.1-1.3 


1 


5.4-6.6 



A method of protecting a well bore during a hydrocarbon recovery operation and controlling fluid losses during such 
operation, comprising the steps of: 

injecting a fluid system as claimed in any one of the preceding claims into the well bore, said well bore having 
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3 surfsce 

permitting the fluid system to set up a filter cake on the surface of the well bore; 
conducting the hydrocarbon recovery operation within the filter cake within the well bore; and 
removing the filter cake from the well bore. 

The method of claim 6 wherein the fluid system comprises from about 73 to 83 wt.% water; about 13 to 24 wt% 
blend of graded calcium carbonate partfcle sizes; from about 0.4 to 0.5 wt.% of non-^nic polysacchande of the 
scleroglucan type and from about 1 .5 to about 2.0 wt.% polymerized starch. 

The method of claim 6 wherein in the step of removing the filter cake from the well bore, the filter cake is removed 
by produced reservoir fluids. 

The method of claim 6 wherein the well bore is in a formation having a permeability, and where the Permeability of 
the formation prior to injecting the fluid system is Kj and the permeability of the formation after removing the filter 
cake from the well bore is K f , and where K/Kj ranges from 0.5 to 1 .0. 
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